Sixteen working welders with more than seven years' exposure and a chest radiograph suggestive of siderosis and I3 healthy unexposed men were studied. Each subject had a comprehensive medical and work history, physical examination, standard chest film, and pulmonary function investigation (lung volumes, ventilatory capacities, pulmonary compliance in static and dynamic conditions, specific compliance, and elastic work of breathing).
.
The purpose of the present work is to examine some aspects of pulmonary ventilation in welders at work and to assess the possible impairment of pulmonary elasticity.
Material and Methods
Fifty-two subjects were picked at random from the 70 welders of a metallurgical plant. Sixteen were then selected as having over seven years' exposure as arc welders and chest radiographs suggestive of siderosis. The International Labour Office (1959) criteria for evaluation of chest films were used. All subjects had a complete medical and work history, clinical examination, and standard chest postero-anterior film. Individuals with chronic cardiopulmonary disease or acute respiratory illness during the last six months period were excluded.
These i6 welders were compared with a control group of 13 normal individuals with no dust exposure. The ages and heights of subjects are presented in Table I . No significant differences in height, age, or smoking habits were found between the groups. The average duration of exposure was I7-I years (range 7 to 30 years).
Lung function tests comprised determinations of lung volumes, forced expiratory volumes, helium-mixing time, and pulmonary mechanics. All determinations were carried out on fasting subjects in a sitting position.
A 9-litre spirographl was used; residual volume was The maximum negative inspiratory pressure (Pel max) was measured at maximum inspiratory point. Compliance was also expressed as 'specific compliance', Cspec (Lim, Luft, and Grodins, 1958) , or CF per litre F.R.C. Elastic work in gcm. per ml. of gas ventilated was calculated in spontaneous breathing.
The data in Table IV questionable.
Results Table II shows the smoking habits, symptoms, and X-ray picture for each welder. There were only seven smokers among the welders, none of whom smoked more than 20 cigarettes daily.
Clinical abnormalities were scanty: slight dyspnoea (7 cases) and cough with increased expectoration (3 cases). TheX-ray appearance in each subject according to the I.L.O. (1959) classification is also shown in Table II . (Charr, I955) , but the relation between these findings and occupation is uncertain.
Compliance measurements have been made only by Morgan and Kerr (I963) in three cases: in one case the actual value was slightly lower than predicted.
Some of our subjects complained of cough with moderate expectoration and exertional dyspnoea.
These symptoms did not seem to correlate with smoking: of three subjects with cough only one was a smoker; three smokers were among the seven subjects with breathlessness. The relationship between smoking habits and respiratory symptoms is complex and difficult to ascertain in individual cases.
The general appearance of the chest filmsreticulation with small nodules distributed throughout the lung-did not differ from that previously reported McLaughlin 1936, 1948; Britton and Walsh, I940; Hunnicutt et al., I964; Pilat, Lilis, and Craciun, I963; Sander, I944) .
The absence of abnormality in our spirographic findings is in agreement with other investigations (Hunnicutt et al., I964; Pilat et al., I963) .
The compliance values (Cs lin and CF) were significantly lower in arc welders both by Student's 't' test and by covariance analysis. Moreover, seven subjects had a functional compliance less than the lower limit for normals. Five of them complained of dyspnoea; only two out of seven were smokers.
CF and Cs lin were the measurements which differentiated arc welders from normals, despite comparable spirographic data.
The elastic work of breathing was increased in welders; the wide scatter of the results might be responsible for the lack of significance. In the seven subjects whose functional compliance was less than the lower limit for normals, the elastic work (3-32 gcm./ml.) was I34% of the normal values.
Pel max, a subject-dependent parameter, failed to separate the groups. This parameter, which is considered valuable by some authors in the assessment of elastic recoil of the lung in emphysema or fibrosis (Macklem and Becklake I963), probably does not reflect slight pulmonary involvement. In a previous study of silicosis (Teculescu, The lack of a significant decrease in specific compliance might be explained by a slight increase in F.R.C. of welders. This parameter was proposed to correct compliance values for size of lung (Lim et al., 1958) , but as F.R.C. might change irrespective of compliance, the correction appears to be of doubtful validity (Pratt, I96I) .
A low lung compliance is generally considered to be a sign of decreased pulmonary distensibility. However, present methods of investigation of pulmonary elastic properties afford, at best, a gross estimation of the overall stiffness of the lung (Radford, I964) .
Dependence ofthe compliance on lung size (Cook, Helliesen, and Agathon, I958; Petit, Delhez, and Troquet, I965), interference of surface tension in addition to pulmonary elasticity in generating the recoil pressure of the lung (Clements, I962; Mead, I96I; Petit et al., I965) , errors associated with oesophageal pressure measurements (Fry, Stead, Ebert, Lubin, and Wells, 1952; Mead, 196I; Milic-Emili, Mead, and Turner, I964a; MilicEmil, Mead, Turner, and Glauser, I964b; Petit et al., I965) , and, finally, an over-simple application of Hook's law (Gilbert, Eich, and Auchincloss, 1958) are among factors that call for caution when interpreting measurements of pulmonary elasticity. Therefore it would probably be more prudent to describe pulmonary damage in terms of compliance changes rather than to assume impairment of lung elasticity.
A decrease of pulmonary compliance in arc welders could be explained by iron deposits per se and/or possibly associated fibrosis. It Studies of respiratory function in welders should therefore include detailed information concerning the type and quantity of electrodes used, as well as ventilation conditions. Unfortunately, as in the present study, these data are rather difficult to acquire, especially for long periods retrospectively.
In studies like the present one, selection of subjects is a decisive step and a difficult one. Rejection of subjects with obvious cardiopulmonary -disease not related to occupational hazards is easy, but subjects with a slightly obstructive syndrome -and/or 'bronchitis' (whether or not associated with smoking), which might or might not be due to -occupational factors, present a more difficult -problem.
Our group was small; further larger studies should lead to a better understanding of respiratory involvement in arc welders.
Valuable information could be obtained by mechanical studies on siderotic cadaver lungs similar to those performed in other diseases (Hartung, i959; Pratt, I96I) .
A follow-up study in welders with low compliance would show if they develop a more severe functional impairment, perhaps with overt respiratory disease.
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